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(54) POROUS ELECTRODE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin porous electrode having uniform, continuous 
pores. 

SOLUTION: Platinum group metal powder and ceramic powder both having different pore 
size and a particle size of 1pm or less are mixed and dispersed each other, then dispersed in 
vehicle to prepare paste, the paste is applied to a substrate, and they are baked to obtain a 
porous electrode. In order to mix and disperse the powder, a dry ball mill method is the most 
suitable, but an ultrasonic vibration method or joint use of the ultrasonic vibration method and 
dry ball mill method can be used. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A porous electrode in which particle diameter gives a paste in which it makes it come 
to distribute in a vehicle that to which mixture dispersion of the end of ceramic powder particle 
diameter differs between platinum metal powder of 1 micrometer or less and particle diameter 
by 1 micrometer or less as for said platinum metal powder was carried out to a substrate, and 
calcinates it. 

[Claim 2]A porous electrode of "claim 1" whose platinum metal powder is platinum powder. 
[Claim 3]A porous electrode of "claim 1" whose platinum metal powder is platinum-rhodium 
alloy powder. 

[Claim 4]A porous electrode of "claim 1" which is 15 or less mass percents of platinum metal 
powder the end of ceramic powder. 

[Claim 5]A porous electrode of "claim 1" which it is in the end of gas permeation nature 
ceramic powder the end of ceramic powder. 

[Claim 6]A porous electrode of "claim 5" which is zirconia powder the end of gas permeation 
nature ceramic powder. 

[Claim 7]A porous electrode of "claim 5" which is the refining zirconia powder which reformed 
some zirconia powder the end of gas permeation nature ceramic powder so that oxygen 
transmittance might be increased. 

[Claim 8]One porous electrode of "claim 1" to "claims 7" whose particle diameter of both sides 
of platinum metal powder and the end of ceramic powder is 0.1 micrometer or less. 
[Claim 9]A manufacturing method of a porous electrode which makes it distribute in a vehicle, 
obtains a paste since mixture dispersion of platinum metal powder and the end of ceramic 
powder is carried out with a dry type ball mill, gives said paste on a substrate and calcinates it 
after an appropriate time. 

[Claim 10]A manufacturing method of a porous electrode which dries since ultrasonic mixture 
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dispersion of platinum metal impalpable powder and the ceramic impalpable powder is carried 
out underwater, makes it distribute in a vehicle, obtains a paste, gives said paste on a 
substrate and calcinates it after an appropriate time. 

[Claim 1 1]A manufacturing method of a porous electrode which distributes in a vehicle what 
carried out re-mixture dispersion with a dry type ball mill, obtains a paste after carrying out 
ultrasonic mixture dispersion of platinum metal impalpable powder and the ceramic impalpable 
powder underwater and drying, gives said paste on a substrate and calcinates it after an 
appropriate time. 

[Claim 12]A manufacturing method of one porous electrode of "claim 9" to "claims 11", wherein 
a substrate consists of green sheets and a substrate and a porous electrode are calcinated 
simultaneously. 

[Claim 13]A manufacturing method of a porous electrode of "claim 12", wherein a green sheet 
consists of an ion-conductive solid electrolyte substance. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention is used for a fuel cell and others, and relates to a porous 
electrode with suitable quick speed of response, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]Generally, since particle diameter made it come to distribute 
around 12-micrometer metal powder in a vehicle, conductive paste could not become 
becoming the thickness over 10 micrometers, and homogeneous continuation porosity easily, 
when it was going to form the porous electrode, and became a very bad thing of the response. 
[0003] 

[Problem(s) to be Solved by the lnvention]Therefore, if over [ of the paste / reverse side ] is 
carried out, and it applies thinly and calcinates as a paste of the diameter of a granule in order 
to obtain a thin electrode with a sufficient response, the electrode would lose continuity and the 
electrical continuity of it will have been lost. The degree will become large when it calcinates by 
a 1500 degreeC grade, since especially the endurance of an electrode is increased. Then, an 
object of this invention is to provide the porous electrode of thin homogeneous continuation 
stoma nature. 
[0004] 

[Means for Solving the Problem]The purpose of this invention that in which particle diameter 
carried out mixture dispersion for the end of ceramic powder, as for said platinum metal 
powder, particle diameter differs [ particle diameter ] from platinum metal powder of 1 
micrometer or less at 1 micrometer or less, It is attained by porous electrode which gives a 
paste which it makes it come to distribute in a vehicle to a substrate by printing, spreading, or 
other means, and is calcinated. The purpose of this invention is attained by porous electrode of 
"claim 1" whose platinum metal powder is platinum powder. The purpose of this invention is 
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attained by porous electrode of "claim 1" whose platinum metal powder is platinum-rhodium 
alloy powder. The purpose of this invention is attained by porous electrode of "claim 1" which 
is 15 or less mass percents of platinum metal powder the end of ceramic powder. The purpose 
of this invention is attained by porous electrode of "claim 1" which it is in the end of gas 
permeation nature ceramic powder the end of ceramic powder. The purpose of this invention is 
attained by porous electrode of "claim 5" which is the refining zirconia powder which reformed 
some zirconia powder so that oxygen transmittance might be increased a porous electrode of 
"claim 5" which is zirconia powder the end of gas permeation nature ceramic powder, or the 
end of gas permeation nature ceramic powder. The purpose of this invention is attained by one 
porous electrode of "claim 1" to "claims 7" whose particle diameter of both sides of platinum 
metal powder and the end of ceramic powder is 0.1 micrometer or less. Since the purpose of 
this invention carries out mixture dispersion of platinum metal powder and the end of ceramic 
powder with a dry type ball mill, make it distribute in a vehicle and it obtains a paste, a 
manufacturing method of a porous electrode which gives said paste on a substrate and 
calcinates it after an appropriate time - or, Since ultrasonic mixture dispersion of platinum 
metal impalpable powder and the ceramic impalpable powder is carried out underwater, dry, 
and make it distribute in a vehicle, and a paste is obtained, A manufacturing method of a 
porous electrode which gives said paste on a substrate and calcinates it after an appropriate 
time, Or after carrying out ultrasonic mixture dispersion of platinum metal impalpable powder 
and the ceramic impalpable powder underwater and drying, what carried out re-mixture 
dispersion with a dry type ball mill is distributed in a vehicle, and a paste is obtained, and it is 
attained by a manufacturing method of a porous electrode which gives said paste on a 
substrate and calcinates it after an appropriate time. A manufacturing method of one porous 
electrode of "claim 9" to "claims 11" in which the purpose of this invention is characterized by a 
substrate's consisting of green sheets and calcinating a substrate and a porous electrode 
simultaneously, Or a green sheet is attained by a manufacturing method of a porous electrode 
of "claim 12" consisting of an ion-conductive solid electrolyte substance. 
[0006] 

[Embodiment of the lnvention]According to this invention, an about 3-micrometer thin electrode 
can be formed by the particle diameter of platinum metal powder and the end of ceramic 
powder being 1 micrometer or less. In order to join together so that the particles of different 
particle diameter by changing the particle diameter of platinum metal powder and the end of 
ceramic powder, and carrying out mixture dispersion may make surface free energy small, 
Particles distribute in the state of certainly accomplishing a pair, and form the porous electrode 
of homogeneous continuation stoma nature in the state of sintering in a platinum metal powder 
particle and the end of ceramic powder. Under the present circumstances, if the end of 
ceramic powder is made into 15 or less mass percents of platinum metal powder, the 
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conductivity of a porous electrode is maintainable. Since the gas stability of material will be 
good and will be a low melting point comparatively as platinum metal powder if platinum 
powder or platinum-rhodium alloy powder is used, the calcination work at the time of forming a 
porous electrode becomes easy in comparison. If the end of ceramic powder some porous 
electrodes are formed is used as the zirconia powder of end of gas permeation nature ceramic 
powder, for example, oxygen, permeability, etc., if it shall become a good electrode of a 
reaction with the fuel gas of a fuel cell, etc. and the particle diameter of platinum metal powder 
and the end of ceramic powder shall be 0.1 micrometer or less, electrolyte thickness becomes 
thin, and the speed of response of an electrode will be markedly alike, and will improve. 
[0007]By carrying out mixture dispersion of the platinum metal powder which differs in particle 
diameter, and the end of ceramic powder within [ both ] a dry type ball mill, a 
mechanochemical effect is added to both powder and the platinum metal powder which differs 
in particle diameter, respectively, and the end of ceramic powder distribute to pair shape. 
When material is impalpable powder, mixture dispersion can be suitably carried out with an 
ultrasonic wave. If a green sheet is used as a substrate, an arbitrary-shaped porous electrode 
can be provided, and a substrate portion can also be made into gas permeation nature if it is 
considered as a further ion-conductive green sheet. 
[0008] 

[Example 1] The zirconia powder reformed so that mean particle diameter might carry out 
yttrium processing of the platinum powder with a mean particle diameter of 0.05 micrometer in 
calcium handling at 0.16 micrometer with 100 weight sections and oxygen transmittance might 
be increased was fed into the planet type ball mill, and dry-blending distribution of the ten 
weight sections was carried out for 6 hours. The mixture dispersion powder obtained here was 
distributed in the vehicle which consists of resin, a solvent, a surface-active agent, etc., and 
the paste was obtained. Thus, by mixing beforehand the platinum metal powder (platinum 
powder) and the end of ceramic powder (zirconia powder) particle diameter differs with a ball 
mill, Since it joins together and suits so that the particles from which particle diameter differs 
may make surface energy small, and also the physical force by the collision of a ball is added 
and also a mechanochemical effect is also added, it distributes, after a powder comrade from 
whom particle diameter differs joined together and there has been. That is, since particle 
diameter differs, it is lost that a comrade condenses in a platinum metal powder comrade or 
the end of ceramic powder. As a result, it will distribute in the state where it always adjoined 
each other during the paste platinum metal powder and the end of ceramic powder. The 1.8- 
micrometer-thick porous electrode was obtained by giving the paste obtained in this way on 
the green sheet which consists of an ion-conductive solid electrolyte substance, and 
calcinating it by 1500 degreeC. In evaluation of this porous electrode, speed of response can be 
known by alternating-current-impedance measurement, and has correlation of [ response time 
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and positive ] in the product (RxC= damping time constant) of the resistance R and the 
capacitance C which are obtained by alternating-current-impedance measurement. A four 
point probe method etc. can estimate a conductor resistance value. Then, the place and 
damping time constant which placed the porous electrode into the oxygen current of 600 
degreeC, impressed the voltage of 0.01 volt, and performed impedance measurement were 
0.043 second. Conductor resistance values were 418mohm/**. The obtained porous electrode 
was perfect continuation stoma nature. 
[0009] 

[Example 2] After supplying platinum powder 100 weight section with a mean particle diameter 
of 0.05 micrometer and zirconia powder 10 weight section with a mean particle diameter of 0.1 
micrometer to the planet type ball mill and carrying out dry-blending distribution for 6 hours, it 
was made to distribute in a vehicle and the paste was obtained. The 1 .6-micrometer-thick 
porous electrode was obtained by giving this paste on the green sheet which consists of an 
ion-conductive solid electrolyte substance, and calcinating it by 1500 degreeC. The obtained 
porous electrode is perfect continuation stoma nature. 

The damping time constant was 0.015 second and conductor resistance values were 
220mohm/**. 

[0010] 

[Example 3] After supplying platinum powder 100 weight section with a mean particle diameter 
of 0.05 micrometer and zirconia powder 10 weight section with a mean particle diameter of 
0.35 micrometer to the planet type ball mill and carrying out dry-blending distribution for 6 
hours, it was made to distribute in a vehicle and the paste was obtained. The obtained paste 
was applied on the substrate, and was given, it calcinated by 1500 degreeC, and the 2.0- 
micrometer-thick porous electrode was obtained. This porous electrode is perfect continuation 
stoma nature as a result of evaluation. 

The damping time constant was 0.030 second and conductor resistance values were 
180mohm/**. 

[0011] 

[Example 4] Platinum powder 100 weight section with a mean particle diameter of 0.05 
micrometer and zirconia powder 10 weight section with a mean particle diameter of 0.02 
micrometer are supplied in a tank, Since supersonic vibration is given into this tank and 
mixture dispersion of both the powder was carried out, this distributed powder is dipped up 
with the net of the suitable diameter of a pass hole, etc., and was dried, the end of dry matter 
dusting platinum powder and zirconia powder carried out equivalent distribution was distributed 
in the vehicle, and the paste was obtained. After giving the obtained paste on the green sheet 
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which is uncalcinated ****, both were calcinated by 1500 degreeC and the 2.0-micrometer-thick 
porous electrode was produced to calcination ****** which forms a substrate. The platinum 
powder and zirconia powder which were highly distributed by supersonic vibration formed the 
porous electrode of perfect continuation stoma nature by calcination as a result of evaluation, 
the damping time constant was 0.05 second and conductor resistance values were 
390mohm/**. 
[0012] 

[Example 5] After adding and carrying out mixture dispersion of the supersonic vibration 
underwater, platinum powder 100 weight section with a mean particle diameter of 0.05 
micrometer and zirconia powder 10 weight section with a mean particle diameter of 0.02 
micrometer are pulled up from the water, and were dried, and dry-blending distribution of this 
end of dry matter dusting was carried out with the planet type ball mill for 6 hours. Then, this 
dry type re-mixture dispersion powder was distributed in the vehicle, and the paste was 
obtained. The obtained paste was given on the green sheet which consists of an ion- 
conductive solid electrolyte substance, and both were calcinated by 1500 degreeC. This 
produced the 1 .6-micrometer-thick porous electrode to calcination ****** which forms a 
substrate. The obtained porous electrode had a fine continuation stoma as a result of 
evaluation, the damping time constant was 0.02 second and conductor resistance values were 
150mohm/**. 
[0013] 

[Comparative example 1] Platinum powder 100 weight section with a mean particle diameter of 
1.0 micrometer and zirconia powder 10 weight section with a mean particle diameter of 0.14 
micrometer, After applying on the substrate the paste obtained by distributing in a vehicle and 
giving it, the place and porous electrode which calcinated by 1500 degreeC and produced the 
3.0-micrometer-thick porous electrode were divided in some places, continuity was lost, and 
electrical continuity was not obtained. Since mixture dispersion of platinum powder and the 
zirconia powder was carried out beforehand and it was not made to distribute like this invention 
so that platinum powder and zirconia powder may certainly accomplish a pair, this is because 
it was dotted with a platinum powder comrade's condensation portion, or the zirconia powder 
comrade's condensation portion. 
[0014] 

[Comparative example 2] Platinum powder 100 weight section with a mean particle diameter of 
0.05 micrometer and zirconia powder with a mean particle diameter of 0.14 micrometer are fed 
into a planet type ball mill, dry-blending distribution was carried out for 6 hours, this mixture 
dispersion powder was distributed in the vehicle, and the paste was obtained. The obtained 
paste was applied on the substrate, and was given, this was calcinated by 1500 degreeC, and 
the porous electrode of 4.0-micrometer thickness was produced. However, although the 
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porous electrode shape of continuation stoma nature was obtained, since there was too much 
content of zirconia powder and the platinum particle comrade's consecutive contact was not 
obtained, electrical continuity was not obtained. 

[0015]ln the above-mentioned example, although the example of platinum powder was shown 
as an example of platinum metal powder, after alloy powder, such as powder, such as a 
ruthenium, rhodium, palladium, osmium, and iridium, or a platinum-rhodium alloy, can be used. 
Although the example of the zirconia powder of oxygen permeability was shown as ceramics of 
gas permeation nature, in addition to this as ceramics of oxygen permeability, oxide ceramics, 
such as alumina and cerium, can be used. Of course, depending on a use, hydrogen 
permeability ceramics, the ceramics of nitrogen permeability, etc. can be used. Although the 
manufacturing method by an ultrasonic mixture dispersion method is suitable for the mixture 
dispersion of impalpable powder, in order to compensate the adverse effect by sedimentation 
of the impalpable powder after a vibrating stop, etc., it can repeat the mixture dispersion by a 
dry type ball mill again after powder desiccation. 
[0016] 

[Effect of the lnvention]According to [ above-mentioned passage ] this invention, a 3 
micrometers or less-thick continuation stoma nature porous electrode can be obtained with 
sufficient reproducibility, response time is short, and since a conductor resistance value is a 
porous body of it being not only small but continuation stoma nature, an electrode with high 
endurance can be provided that it is hard to damage to heat stress. In this invention, platinum 
metal powder is used as a conductor. 

Therefore, since chemical stability serves as a strong and long-life electrode and also the 
material of gas permeation nature with various kinds of gas (or fuel fluid), nure nature, or 
compatibility can be used as ceramics, If the electrode according to various kinds of uses shall 
be provided and the particle diameter of platinum metal powder and the end of ceramic powder 
shall be 0.1 micrometer or less, the advantage of being able to shorten response time 
substantially will also be acquired. 



[Translation done.] 
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